Visuospatial neglect is a neuropsychological condition commonly experienced after stroke, whereby a patient is unable to attend to stimuli on their contralesional side.
Introduction
Visuospatial neglect is highly prevalent after stroke. The condition is associated with an attentional deficit where patients fail to orient, perceive and interact with stimuli on the contralesional side of space. A systematic review of 17 studies comparing the prevalence of neglect acutely, after left (LBD) and right brain damage (RBD), found that the median prevalence of left-sided neglect (after RBD) was twice as high as for right-sided neglect (43% vs 21%) [1] . A recent study on 335 subacute patients (median 28 days post stroke) found incidences of 9% right neglect and 16% left neglect [2] , though prevalence reports for right neglect have varied from 2% [3] to 65% [4] after LBD. Bowen and colleagues suggested potential inclusion criteria and selection biases may explain the variability and noted the problematic small samples. Suchan, Rorden and Karnath [5] specifically studied 48 patients with focal LBD and set out to include patients with aphasia in their acute sample. They found a right neglect prevalence of 44% and no statistical difference in the severity of neglect between LBD and RBD patients [6] .
Neglect appears to be a heterogeneous syndrome with dissociable symptoms. One such distinction is between space-based (ego-centric) and objectbased (allo-centric) neglect. Egocentric neglect is where the patient fails to attend to the contralesional side of space (with reference to their own body midline).
Allocentric neglect is where the patient fails to attend to the contralesional side of an object in focus. Double dissociations have been reported between patients and even within a single bilateral patient who demonstrated egocentric neglect on one side and allocentric neglect on the other side [7] . Work by Kleinman and colleagues [8] suggested that, although RBD results mainly in left egocentric neglect, LBD more commonly resulted in right allocentric neglect. This may even help explain why the prevalence of right neglect has been underestimated, as allocentric neglect is often not explicitly assessed [see overview by 9] . In addition, neuroanatomical lesion studies have supported the dissociation [e.g. 10] . A recent meta-analysis of 22 lesion-symptom mapping studies concluded that patients with more anterior lesions experience egocentric neglect, whereas patients with more posterior lesions experience allocentric neglect [11] 1 .
Taking an alternative view, ego-and allocentric neglect may reflect two aspects of a central underlying disorder [12] , where allocentric neglect is simply occurring when the attentional window is narrowed to a single object [13] or where allocentric biases are modulated by their egocentric position [14, 15] . Relatively strong correlations between ego-and allocentric neglect have been reported [16] and it has been argued that the two cannot be fully dissociable given findings where the allocentric deficit was worse for stimuli in the contralesional compared to the ipsilesional side, supporting the notion that allocentric biases occur due to a spatial gradient of attentional weights (see Figure 1 ).
[Insert Figure 1] In this study, we aimed to contrast the prevalence and severity of left-and right-sided egocentric and allocentric neglect in a large sample of acute stroke patients. In addition, we investigated the distributions of allocentric errors in egocentric space, and assessed recovery rates and behavioural predictors of persistent neglect at 6 months. l  l  t  h  e  s  e  n  e  u  r  o  -a  n  a  t  o  m  i  c  a  l  s  t  u  d  i  e  s  w  e  r  e  f  o  c  u  s  s  e  d  s  o  l  e  l  y  o  n  l  e  f  t  s  p  a  t  i  a  l  n  e  g  l  e  c  t  a  f  t  e  r  u  n  i  l  a  t  e  r  a  l  r  i  g  h  t   h  e  m  i  s  p  h  e  r  e  l  e  s  i  o  n s . 11/WM/0299; Protocol RP-DG-0610-10/046).
Material and Methods

Participants and procedure
Cancellation task
The Broken Hearts Test [17] and Apple Cancellation Test [21] are equivalent, highly sensitive cancellation tests assessing ego-and allocentric neglect. The task is to strike through the complete shape outlines (n=50) amongst distractor shapes with gaps on the right (n=50), or the left (n=50) of the contour (Supplementary Figure 1) .
The items are positioned semi-randomly on an A4 landscape page, equally distributed over a virtual grid. Patients are given up to two practices with demonstration and thorough explanation to ensure they understood the task before starting the test. There is a time limit of three minutes in which the task was to be completed.
We calculated the following outcome measures ( [Insert Figure 2 ]
Results
Dissociable subtypes of egocentric and allocentric neglect in acute stroke
48% of the patients who completed the Broken Hearts Test, demonstrated neglect ( Figure 3A ). Half of them presented with only egocentric neglect, one quarter with only allocentric neglect and a further quarter with both egocentric and allocentric neglect.
[Insert Figure 3 ] To assess the relationship between the severity of ego-and allocentric spatial biases in a more sensitive way, we correlated the ego-and allocentric asymmetry scores in demonstrates that no egocentric bias was present to explain the allocentric asymmetry, in contrast to the theoretical framework outlined in Figure 1 . In contrast, patients with both ego-and allocentric neglect made fewer errors on the egocentrically neglected side of the page (t(34)=-6.82, p<0.001).
[ Figure 5 about here]
Prevalence of left-sided and right-sided neglect
In patients with only egocentric neglect, the prevalence of right-sided neglect (35%) was significantly lower than that of left-sided neglect (65%) (χ 2 (1)=8.38, p<0.004).
Similar results were obtained in patients with ego-and allocentric neglect: 74%
presented with left-sided and 26% presented with right-sided neglect (χ 2 (1)=15.11, p <0.001). In contrast, there was no difference in the prevalence of left-sided (56%) and right-sided (44%) neglect in patients with only allocentric neglect (χ 2 (1)=.36,
p=0.55).
Severity of left-sided and right-sided neglect
To directly compare the severity of left-versus right-sided egocentric neglect, we submitted the number of hits and the egocentric asymmetry score to an ANOVA with neglected side (left, right) and the presence of allocentric neglect (egocentric only, ego-and allocentric) as factors.
We observed a main effect of neglected side on the number of hits To summarize, our data demonstrated a higher prevalence of left compared to right egocentric neglect, but a similar prevalence of left compared to right allocentric neglect in this acute sample. The severity of the neglect was more prominent in leftsided neglect (lower accuracy and/or more allocentric errors).
Recovery of ego-and allocentric neglect
For the patients who completed the follow-up assessment 6 months later, the distribution of acute prevalence rates of the different neglect types was proportionally the same as in the full sample of patients ( Figure 3B) . 55 of these patients demonstrated egocentric neglect at the acute stage, and only 11 were still impaired at follow-up. Allocentric neglect was present in 39 patients acutely and remained present in 10 patients at follow-up. This demonstrates very high recovery rates, at 81% and 74% for egocentric and allocentric neglect respectively.
To predict recovery from ego-or allocentric neglect from the initial behavioural profile, we carried out a binary logistic regression. To predict the recovery of patients who suffered from egocentric neglect in the acute phase of stroke, five factors (age, hits, absolute egocentric asymmetry, neglected side, presence of allocentric neglect)
were entered into the regression logarithm. Only the number of hits in the acute phase of stroke was a significant predictor of outcome 6 months later (p=0.007), with a trend present for age as well (p=0.06). Persistent neglect was associated with lower performance and higher age in the acute phase after stroke. Figure 7A ).
[ Figure 7 about here]
Similarly, for allocentric neglect, four factors (age, allocentric errors, neglected side, presence of egocentric neglect) were entered into the regression logarithm.
The allocentric asymmetry score was not included as it highly correlated with the number of allocentric errors (r=.77, p<.001). Only the number of allocentric errors significantly predicted the persistence of allocentric neglect at follow up (p = .02).
Given that left-sided allocentric neglect was associated with more allocentric errors, As can be seen in Figure 7B , patients with persistent neglect also improved substantially between the acute and the chronic phase.
In summary, our analyses suggest that the overall accuracy on the cancellation task (in terms of the number of hits and allocentric errors) was the only significant predictor of recovery at 6 months.
Discussion
This study set out to address a series of important questions relating to the nature of hemi-spatial neglect, its prevalence and its outcome predictors. We included a large sample of acute stroke patients who were not selected based on lesion location or behavioural profile and followed up a subset of them 6 months later. This is the biggest sample study to assess acute left and right neglect prevalence, severity and recovery to date.
We found clear evidence to suggest that egocentric and allocentric neglect are subserved by separate underlying processes. First, we documented a double dissociation, with substantive groups of patients with 'only' egocentric and 'only' allocentric neglect, where there was no relation between asymmetry values for egoand allocentric asymmetries. This finding may seem in contrast to the overall correlation (r=0.35) between ego-and allocentric reported by Rorden and colleagues [16] . We note however that their sample included only 32 RBD patients. It may be that this smaller sample accidentally contained more patients with both types of neglect. We indeed also observed a clear correlation in the sub-group presenting with both ego-and allocentric neglect (r=.55). We further demonstrated that in patients with allocentric neglect only, there was no spatial asymmetry to the distribution of the errors on the page. Where a previous study [14] found an amelioration of allocentric neglect symptoms at more ipsilesional egocentric positions, the 3 patients in that study presented with both types of neglect. Here, in the allocentric only patients we did not find any evidence for an egocentric exploration bias. This contradicts the theory proposed by Li and colleagues [15] that allocentric neglect appears due to an overall spatial gradient ( Figure 1 ). Instead we suggest that our findings provide strong behavioural evidence for truly dissociable neglect types. The evidence is in line with previous smaller studies [22] and a striking dissociation in a single case study [23] . These behavioural dissociations complement the neuro-anatomical findings for separable underlying mechanisms [24] .
The allocentric neglect observed here may reflect an object-based neglect or spatial neglect within a smaller reference frame [13] . Allocentric neglect can indeed be considered in terms of local and global visual representations. For instance, impaired detection of the gap in the Broken Hearts and Apples Cancellation Tasks may stem from impaired attention to one side of the local spatial representation [25] .
In this case, ego-and allocentric neglect may share a common spatial deficit (which could be viewed as the core symptom of neglect [12] ). The heterogeneity in neglect in the level of representation is then due to the manifestation of this core deficit, either at a global or local scale, or an egocentric or allocentric viewpoint. Even when the dissociation observed here would be viewed as reflecting a difference in 'satellite symptoms' of neglect, with a common core spatial deficit, the experience of the two results in different functional impairments: missing half of an object anywhere in space is existentially different from a global failure to attend to one side of space and is likely to require a different rehabilitation protocol.
In contrast to most studies on neglect, we did not restrict inclusion to the study to patients with only RBD. Interestingly, this unbiased sample in acute stroke revealed high incidences of right-sided ego-and allocentric neglect. Nevertheless, it was clear that left-sided neglect symptoms were more severe in terms of a lower number of hits and a higher number of allocentric errors.
These findings are in line with long standing theories of a right hemisphere dominance of hemispatial neglect. Our findings are comparable to those by Stone et al [4] , Baldassare and colleagues [26] , and Ten Brink et al [2] who found a considerable number of patients with right-sided neglect in the acute stage, though their symptoms were less severe. Particularly in the chronic stage the frequency and severity of left-sided neglect is notably higher. This hemispheric difference was initially explained by interhemispheric competition after RBD leading to an imbalance in attentional control, where the right side of space is 'over' attended [27] . A different account was proposed by Mesulam [28] in terms of spatial coding for the left side of space being subserved only by the right hemisphere, whereas spatial coding for the right side of space is subserved by both hemispheres. Consequently, LBD means the right hemisphere can take over the spatial representations. A different account of the right lateralization is that the neglect syndrome encompasses more than a spatial attention bias alone. The presence of impaired sustained attention and working memory in patients with neglect [29] , processes that are right lateralized, may contribute to the higher severity and the worse recovery of left-sided as opposed to right-sided neglect [30] . Several studies have now shown the presence of spatial asymmetries in LBD patients without neglect (e.g. see [31, 32] ).
We found high rates of recovery for ego-and allocentric neglect. Importantly, we also observed substantial improvement in the subset of patients with persisting neglect. When predicting the likelihood of recovery based on the behavioural profile in the acute phase after stroke, only the symptom severity on the initial measures was predictive. Patients with more severe neglect symptoms were less likely to recover. Our observations may have significant implications for research into neglect rehabilitation. Given that the majority of neglect patients are likely to recover, rehabilitation may either be more useful in a later stage, or acute rehabilitation of neglect should target those with the more severe neglect symptoms as they have the worst prognosis for recovery.
A second point relates to left allocentric neglect specifically, which was most likely to be persistent. All right allocentric patients had recovered, but 48.5% of left allocentric neglect was persistent 6 months later. Bickerton and colleagues [33] demonstrated that patients with allocentric neglect had worse functional outcomes in terms of activities of daily living than patients with egocentric neglect. These two points taken together serve to illustrate the severity of this particular type of neglect.
Given the separate mechanisms underlying the disorders, traditional interventions aimed at ameliorating egocentric neglect such as cueing and prism therapy are unlikely to be effective and new and innovative rehabilitation strategies may be called for.
In summary, the current study adds to the growing body of evidence viewing neglect as a heterogeneous disorder. There may be a common core spatial deficit, but when it affects egocentric or allocentric space, there are differential and dissociable behavioural profiles as well as differential rates of recovery, with the acute severity of symptoms predicting the persistence of neglect symptoms 6 months later. 
